Background: To compare the prevalence of preterm birth, post term birth, intra-uterine growth restriction and distribution of Apgar scores in offspring of foreign-born women in Western Australia with that of their Australianborn non-Indigenous and Indigenous counterparts. Methods: A population-based linked data study, involving 767,623 singleton births in Western Australia between 1980 and 2010 was undertaken. Neonatal outcomes included preterm birth, post term births, intra-uterine growth restriction (assessed using the proportion of optimal birth weight) and low Apgar scores. These were compared amongst foreign-born women from low, lower-middle, upper middle and high income countries and Australianborn non-Indigenous and Indigenous women over two different time periods using multinomial logistic regression adjusted for covariates. Results: Compared with Australian born non-Indigenous women, foreign-born women from low income countries were at some increased risk of extreme preterm (aRRR 1.59, 95% CI 0.87, 2.89) and very early preterm (aRRR 1.63, 95% CI 0.92, 2.89) births during the period from 1980 to 1996. During the period from 1997 to 2010 they were also at some risk of extreme preterm (aRRR 1.42, 95% CI 0.98, 2.04) very early preterm (aRRR 1.34, 95% CI 1.11, 1.62) and post term birth (aRRR 1.93, 95% CI 0.99, 3.78). During this second time period, other adverse outcomes for children of foreign-born women from low income and middle income countries included increases in severe (aRRR 1.69, 95% CI 1.30, 2.20; aRRR 1.72, 95% CI 1.53, 1.93), moderate (aRRR 1.54, 95% CI 1.32, 1.81; aRRR 1.59, 95% CI 1.48, 1.70) and mild (aRRR 1.28, 95% CI 1.14, 1.43; aRRR 1.31, 95% CI 1.25, 1.38) IUGR compared to children of Australian-born non-Indigenous mothers. Uniformly higher risks of adverse outcomes were also demonstrated for infants of Indigenous mothers.
Background
Relationships between adverse pregnancy and birth outcomes such as preterm birth, intra-uterine growth restriction (IUGR) and low Apgar scores and increased infant morbidity and mortality are well-recognised [1] [2] [3] [4] [5] [6] [7] [8] .
There is also a further body of research evidence linking abnormal pregnancy and birth outcomes to the development of neurodevelopmental disorders and child disability [2, 5, 8, 9] . For instance, associations between the presence of IUGR and subsequent intellectual disability (ID) have been demonstrated in Western Australian (WA) population-based research while premature children with extremely low and very low birth weights also have an increased risk of autism spectrum disorders (ASD) [8] [9] [10] .
Several studies have found that foreign-born women living in developed countries are at increased risk of adverse obstetric and perinatal outcomes including preterm delivery, low birth weight, IUGR, Caesarean section, postpartum haemorrhage and neonatal mortality and infection [11] [12] [13] [14] [15] [16] [17] . Obstetric profiles, including maternal medical conditions and pregnancy complications, of foreign-born women of culturally and linguistically diverse (CALD) backgrounds have also been compared with those of Australian-born women [11, 18, 19] using population-based data linkage. In these studies foreignborn women, especially those from Sub-Saharan Africa, Southeast Asia and Southern and Central Asia, were more likely to undergo emergency Caesarean section, often because of failure of labour to progress and fetal distress [18, 19] . They were also at increased risk of gestational diabetes, pre-labour rupture of membranes, perineal laceration and post-partum haemorrhage [11] . Foreign-born mothers at risk have often been categorised by region, or for an individual country of birth the numbers may have been too small to establish any meaningful risk profiles [13, 16] . Findings have been variable [20] , with only some identifying a relationship with preterm birth [14] . The literature demonstrates the variability in the accuracy of the measurement of fetal growth in children of immigrant backgrounds [15, 16] , and suggests that the use of fetal and newborn charts as single diagnostic tools (birthweight and gestational age charts) in determining perinatal outcomes may be debatable [21, 22] .
Australia is a multiethnic society with just over a quarter of citizens (28%) born overseas [23] , including a smaller subset of refugees. Overseas migration and resettlement is predominantly from Europe with smaller numbers from North Africa, Middle East, South East Asia and Sub-Saharan Africa [20, 24, 25] . Although research to date documenting pregnancy and birth outcomes among these foreign-born women suggests that their obstetric profiles may differ from those of Australian-born women, the body of evidence remains limited. The aim of this current study was to compare the prevalence of preterm and post term births, intrauterine growth restriction and distribution of Apgar scores in offspring of foreign-born women in WA with that of their Australian-born Caucasian and Indigenous counterparts.
Methods

Study population and data sources
A retrospective cohort study of children born in WA (1980 to 2010) was conducted using de-identified linked population-based data from the WA Midwives Notification System (MNS) and the WA Birth Register. The MNS is a statutory database of pregnancy, birth and neonatal information collected by attending midwives, on all births of at least 20 weeks' gestation or at least 400 g in weight (if unknown gestational age) and includes maternal and infant characteristics and infant outcomes. For this study, multiple births were excluded because they are associated both with poorer birth outcomes and country of birth [26] . The WA Birth Register contains all registered births and includes maternal, paternal and infant demographic characteristics. The birth cohort was subdivided into two time periods (P1; 1980 to 1996 and P2; 1997 to 2010), to allow for adjustment for smoking which was only collected after 1996, and because of changes in migration patterns over time.
Maternal variables
Maternal variables collected were maternal age (maternal age in years at the time of delivery), marital status (never married, widowed, divorced, separated, married and unknown), parity (the number of live born and stillbirths a woman has had leading up to this particular pregnancy), and smoking (a binary variable only collected in the MNS from September 1997).
Six categories were created using the maternal country of birth (MCB) variable, available from the Birth Register: 1) Australian-born mothers of non-Indigenous backgrounds (ANI), 2) Australian-born mothers of Indigenous background (AI), 3) foreign-born mothers from low-income countries (FB-LIC), 4) foreign-born mothers from lower-middle-income countries (FB-LMIC), 5) foreign-born mothers from upper-middle-income countries (FB-UMIC), and 6) foreign-born mothers from high-income countries (FB-HIC). Countries' income groups were determined using the United Nations, World Health Organization and World Bank country listings [27] [28] [29] [30] [31] and income groups were categorized according to gross national income per capita in 2017. Income brackets and thresholds for gross national income per capita were < US$1005 for low-income, US$1006-3955 for lower-middle-income, US$3956-12,235 for upper-middle-income, and > US$12,235 for high-income [32] . Low and middle-income country groups as per the World Bank categorization are listed in Additional file 1: Table  S1 ; high-income economies included the major migrant groups to Australia such as those from the UK and New Zealand (Additional file 2: Table S2 ).
The Australian Bureau of Statistics produces the Socio-Economic Indexes for Areas (SEIFA) score, which ranks areas in Australia according to relative socio-economic advantage and disadvantage from information collected during the Australian Census [33] . We specifically used the Index of Relative Socio-economic Advantage and Disadvantage (IRSAD), an index that summarises the information about the economic and social conditions of people and households within a census district [33] . This index includes measures of relative advantage and disadvantage; with scores of 1 representing the lowest score (relative lack of disadvantage) on the index and 10 the highest score of the index (greatest disadvantage). IRSAD scores were grouped into six categories: advantaged (90% of the IRSAD score), least disadvantaged (76-90% of the IRSAD score),less disadvantaged (51-75% of the IRSAD score), little disadvantage (25-50% of the IRSAD score), more disadvantage (10-25% of the IRSAD score), and the most disadvantaged (lowest 10%) areas of WA [33] . We used the IRSAD score for the census district where the mother was living at the time of birth [33] .
Child variables
Infant variables were gender, gestational age, proportion of optimal birth weight (POBW) and Apgar score at 5 min. The adverse fetal outcomes were: (i) preterm birth, (ii) IUGR and (iii) low Apgar score. Preterm birth was determined using a final gestational age variable that was categorized into seven groups of gestation: extreme preterm (< 28 weeks), very early preterm (28-31 weeks), early preterm (32-33 weeks), late preterm (34-36 weeks), early term (37-38 weeks), full term (39-41 weeks), and post term (> 42 weeks). Any pre-term was defined as < 37 weeks and the category of full term birth (39-41 weeks) was used as the reference group for the multinomial regression data analysis. IUGR was determined using the POBW, which is the ratio of observed birth weight to optimal birth weight, and is a variable that is calculated and provided to researchers by the data custodians in WA.
The algorithm from which the optimal birth weight is calculated was developed from a regression model accounting for non-pathological causes of fetal size (gestational age, maternal height, maternal parity and infant sex) in a total population of singleton births without any recorded risk factors for intrauterine growth restriction such as maternal smoking [34, 35] . The percentage was categorized into seven groups: < 75%, 75-84%, 85-94%, 95-104%, 105-114%, 115-124, and > 125% with < 75% considered as severe, 75-84% as moderate and 85-94% as mild growth restriction. The middle group, 95-104% was used as the reference group in the multinomial regression data analysis [35] . The reference group comprised almost one third (32.1%) of the total population; POBW less than 85% was equivalent to approximately less than the 10th percentile of optimal birth weight [36] and POBW greater than 115% was equivalent to greater than the 90th percentile of optimal birth weight. Apgar score was determined using the Apgar variable at 5 min and the categories were defined as normal (7 to 10), fairly low (4 to 6) and critically low (3 or less), with the normal group being used as the reference group in the analysis. Apgar score at 1 min was excluded from analyses due to inadequate reporting or missing data.
Analyses
Descriptive statistics were used to summarise the characteristics of the study participants. Multinomial logistic regression models were used to estimate the risk of pre/ post term birth relative to full term birth among MCB groups compared to Australian-born women of non-Indigenous background, after adjusting for potential confounders including maternal age, SEIFA score, parity, birth year and child's sex. The model was also used for assessing the risk of suboptimal (POBW less than 95% or more than 104%) relative to optimal (POBW between 95 and 104%) birth weight and risk of low relative to normal Apgar score. Both crude and adjusted relative risk ratios, and their 95% confidence interval values were reported. Missing data were considered missing at random and complete case analysis was used. Since smoking data were only available from September 1997, we conducted regression analysis separately for the twotime periods: 1980-1997 (without adjusting for smoking) and 1997-2010 (with adjusting for smoking). All analyses were performed using STATA version 14 (StataCorp LP, College Station, TX, USA).
Results
For the years 1980 to 2010 our study included 769,695 singleton births with a valid MCB (out of a total 792,373 WA births during that period) of which 66.2% were children of ANI mothers, 19.0% were children of FB-HIC mothers, 5.8% were children of AI mothers, 4.3% were children of FB-LMIC mothers, 4.1% were children of FB-UMIC, and 0.6% were children of FB-LIC. Only 0.1% of our sample population had missing data for MCB. Socio-demographic factors including smoking status are presented in Table 1 . AI mothers were more likely to be aged less than 20 years (27.2%) compared to ANI Gender mothers and foreign mothers, whilst FB-LMIC mothers were less likely to be aged less than 20 years of age than ANI mothers (1.9 vs 5.6%). FB-UMIC mothers were more likely to be married (96.0%) followed by FB-LMIC (94.5%), FB-HIC (92.4%) and FB-LIC (91.7%) compared with ANI mothers (90.1%) and AI mothers (62.8%). As shown in Table 1 AI mothers had the lowest (0-2) and highest (3-5) parity scores, whilst FB-LIC mothers had lower parity levels (parity 0-2, 31.8, 29.6 and 17.8% respectively) compared to ANI mothers (parity 0-2, 41.5, 40 and 16.5% respectively). Yet compared to ANI and other foreign-born, FB-LIC mothers had the second highest parity levels (3, 4, and 5) after AI mothers. Only 13.3% of FB-LMIC and 12.9% FB-LIC mothers were categorised as most disadvantaged, in comparison to AI mothers of whom 35.0% were categorised as such.
Smoking was least prevalent in foreign-born, particularly FB-LIC (1.9%), FB-LMIC (2.8%), FB-UMIC (5.9%) respectively, compared with mothers in the other groups (AI 50.7% and ANI 18.3%). The prevalence of preterm birth (< 37 weeks) increased from 6.6% in 1980 to 7.6% in 2010 and with an average 7.2% over the whole-time period ( Fig. 1 ), whilst post term births decreased over time ( Fig. 2 ).
Perinatal outcomes (preterm birth, IUGR and Apgar scores) in relation to maternal country of birth are presented in Tables 2, 3 , 4, 5, 6 and 7 respectively.
For the period from 1980 to 1996, children of FB-LIC mothers had a non-significantly increased risk of preterm birth compared to those of ANI mothers (extreme preterm adjusted relative risk ratio [aRRR] 1.59, 95% confidence interval [CI] 0.87, 2.89; very early preterm aRRR 1.63, 95% CI 0.92, 2.89). During this period children of FB-LMIC mothers had a small but significantly increased risk of preterm and post-term births (late preterm aRRR 1.35, 95% CI 1.25, 1.46; early term aRRR 1.42, 95% CI 1.37,1.48; post-term aRRR 1.29, 95% CI 1.01, 1.64). Children of AI mothers had significantly increased risk in all categories of preterm and post term births during this period. For the period from 1997 to 2010, a non-significant increased risk of preterm and post-term births was observed for FB-LIC mothers (extreme preterm aRRR 1.42, 95% CI 0.98, 2.04; very early preterm aRRR 1.37, 95% CI 0.92, 2.04; post-term (Table 4 ). There was a slight increase in risk of mild growth restriction for children of FB-LIC mothers (aRRR 1.17, 95% CI 1.00, 1.36), and also a slightly elevated risk of mild (aRRR 1.08, 95% CI 1.03, 1.13) and moderate IUGR (aRRR 1.15, 95% CI 1.08, 1.23) for children of FB-LMIC mothers. IUGR was more evident in children of AI and in those of foreignborn women from low and lower middle-income countries during the second period (1997-2010) of this study ( (Table 4 ).
Compared to children of ANI mothers, children of FB-LIC mothers had an increased adjusted relative risk of critically low 5-min Apgar score (1997-2000 aRRR 1.52, 95% CI 1.08, 2.15) and an elevated risk of fairly low 5-min Apgar scores in the second period (aRRR 2.17, 95% CI 1.65, 2.85) ( Table 7) . Again, increased risks were observed in critically low and fairly low Apgar scores at 5 min for children of AI mothers. However, FB-HIC mothers had a minimally increased risk of fairly low Apgar score in the first time period (Table 6 ).
Discussion
The proportion of foreign born women in our dataset was consistent with current data from the Australian Bureau of Statistics reporting 28% of Australians are born overseas [33] . However we identified considerable variation in the distribution of demographic characteristics across our study groups. A higher proportion (27%) of Australian-born Indigenous mothers were less than 20 years of age), while Australian-born non-Indigenous and foreign-born mothers were more likely to be married (90.1 to 93.2% compared 62.8% of Australianborn Indigenous mothers). Over a third of Australianborn Indigenous mothers were in the most socio-economically disadvantaged category as were 13.3% of FB-LMIC and 12.9% of FB-LIC mothers compared to only 9.9% of ANI mothers, whilst smoking during pregnancy was most prevalent in Australian-born Indigenous mothers and least prevalent in foreign-born mothers. Although foreign-born women from countries of low and middle income accounted for 9% of the Western Australian childbearing population and these mothers were more likely to be older and married, their infants may have been at some increased risk of extreme prematurity (< 28 weeks), very early preterm birth (28-32 weeks), late preterm birth (34-36 weeks), early term (37-38 weeks) and post term (42 > weeks), as well as IUGR (severe, moderate and mild) for one or both of the time periods. However it is important to be cautious about the strength of this evidence particularly in relation to preterm birth given the extremely small sample sizes in some of these groups and the associated wide confidence intervals. Furthermore, children of foreignborn low income mothers also did have an increased risks of both critically low and fairly low 5-min Apgar scores and the evidence for this was stronger than for some of the preterm birth categories. However these poorer perinatal and neonatal outcomes were not seen in children of foreign-born mothers from high-income countries, whose better outcomes mirrored our comparative group (children of Australian-born non-Indigenous mothers). Preterm birth rates have increased worldwide [3] but in WA the rate has been relatively stable between 1980 and 2010 and with an average of 7.2% children each year born prematurely ( Fig. 1) , whilst post term births decreased over time (Fig. 2) . Our findings of an increased risk of adverse infant outcomes for Indigenous mothers are consistent with our previous analyses [36] and previous literature which has found that IUGR [37, 38] and low birth weight [39] are more prevalent in this population. The underlying causes for these disparities are believed to be multiple, extending from specific risk factors, such as maternal smoking and medical conditions, to more complex societal issues related to social disadvantage [40] .
The strengths of this study include the use of population-based data over a 30-year period from the WA Data linkage system. This infrastructure has been very effective in linking data from national and local health and welfare data sets and has been a cost effective way of improving health policy and practice [41] . Another strength is the use of POBW, which is superior to weight z scores and percentiles (which only compare a given birthweight with the average birthweight for all sex-specific births at the same gestational age) because it relates to the average birthweight for live births with the same sex, maternal age, maternal height, and maternal parity, and without any known risk factors (such as smoking) for pre-term birth or adverse birth outcomes [34, 35] . Moreover, the model from which it has been derived has also been validated against fetal weights estimated from serial biometric ultrasound scans at least for infants over 29 weeks' gestation [42] .
In our dataset we were unable to adjust for maternal medical conditions and pregnancy complications, as the data were incomplete for these variables. Furthermore, the population sources do not include detailed information on maternal education and other important maternal variables such as weight, nutrition, lived trauma and adverse child experiences, which could have provided a fuller picture. As such, our data were limited to maternal country of birth as the only indicator of immigration status. Further data such as age of arrival into Australia and immigration status would also have been valuable and remains a limitation in immigrant and refugee identification for this study [43] .
An increased risk of adverse pregnancy and birth outcomes among foreign-born women compared to nativeborn women in our study has also been demonstrated in several other studies [11, 13, 16, 18, 19, 44] . A 2012 Danish study found that foreign-born women had increased risk of having a baby small for gestational age, with the highest risk observed among mothers from Lebanon, Somalia, and Pakistan [16] countries which we would have classified as 'low and middle income'. In the same study children of foreign-born mothers were more likely to be born very preterm (< 33 weeks) or moderately preterm (33-36 weeks) [16] . In contrast to our study, these data included detailed immigration information such as length of residence in Denmark, age at immigration and immigration status but relationships between these variables and the child's birth outcomes were not found [16] . A Canadian study reported higher rates of caesarean sections in women from Latin America, the Caribbean and Sub-Saharan Africa compared to Canadian-born women, but in contrast to our study, they showed a lower risk of preterm delivery, findings the authors postulated might be associated with a healthy migrant effect [13] . However, this study also reported a three-fold increase risk of low birth weight compared with those of Canadian-born women. We elected to investigate IUGR rather than birth weight because IUGR is a better predictor of poorer birth outcomes as it refers to deviation and reduction in the expected fetal growth during pregnancy [5] . A recent US study also found that foreign-born non-Hispanic black women had significantly lower rates of preterm birth and small for gestational age in comparison to US-born non-Hispanic black women [15] . There were also significantly lower rates of preterm birth and intra-uterine growth restriction among black women from Sub-Saharan Africa compared to native Caribbean-born black women [15] . Authors of a Swedish cohort study suggested that an increase in preterm birth in foreign-born women could be the result of the stress experienced during migration and the fact that female refugees of child-bearing age are more likely to be victims of trauma, traumatic events, acts of violence and thus more vulnerable to stress exposure [44] .
An Australian study investigating how antenatal and perinatal characteristics compared between children diagnosed with ID, those diagnosed with ASD and those diagnosed with ASD and ID, found that any category of preterm birth was associated with a two-fold increased risk of mild and severe ID [8] . Another data linkage study with clinical cases linked to midwives data in New South Wales, Australia, found that having a mother born outside of Australia was one of four risk factors which increased the likelihood of a subsequent autism diagnosis [45] . Our findings of prematurity and foreign-born mothers, shows that children of immigrant backgrounds are at an increased risk of the subsequent development of neurodevelopmental disabilities such as ASD, as previously found [45] .
IUGR was an outcome in our study associated consistently across the two time periods with an increased risk for infants born to foreign women from low to middle income countries. Its presence has also been linked to the subsequent development of neurodevelopmental disabilities [36] . Poor fetal growth can be determined by measuring POBW and, when compromised, has been shown in one WA study to be strongly associated with an increased risk of mild to moderate ID, severe ID and ASD associated with ID but not ASD without ID [8] . An earlier WA study also found that severe IUGR (POBW < 75) was associated with a threefold increased risk in severe ID [36] . Also, a child with POBW of less than 85% was two to three times more likely to be diagnosed with mild to moderate ID compared to a child with POBW of 95 to 104% (normal POBW), and this likelihood increased to more than four times for severe ID [8] . Severe IUGR was associated with four times the risk for severe ID, and also more than three times the risk for ASD with ID [8] . These associations of IUGR with ASD and ID are concerning because of our findings that children of foreign-born women from low and middle-income countries are at increased risk of IUGR and hence of such neurodevelopmental disabilities and disorders.
The American Academy of Paediatrics states that in predicting outcomes, a 5 min Apgar score of 0 to 3 correlates with neonatal mortality in large populations but does not predict future neurologic dysfunction [7] . In contrast a low 5 min Apgar score has been shown to increase the risk of cerebral palsy, with 20 to 100 times the risk compared to 5 min Apgar scores from 7 to 10 [7] . A Scottish study found that a low Apgar score at 5 min was strongly associated with the risk of neonatal and infant death [6] . Our study found children of foreign-born women from low and middle-income countries had an increased risk of critically low (0 to 3) and fairly low (4 to 6) Apgar scores, particularly after adjustment for birth year, gender, maternal age, SEIFA score, parity and smoking.
Our findings illustrate the vulnerabilities of children born to foreign women from low and middle-income countries. Our findings show that for some time periods pregnancy and birth outcomes can be influenced by maternal country of birth, especially if mothers come from low and middle-income countries where they could have been exposed to factors such as war, trauma, poverty, and limited opportunities for education and lack of access to proper healthcare. The higher perinatal risk observed in the second period of this study, 1997 to 2010 perhaps demonstrates the changing dynamics of foreign-born populations arriving in Australia from low and middle-income countries. Clinically these results illustrate the need for ongoing monitoring and targeting of foreign-born women during their antenatal care to reduce risks of adverse pregnancy and birth outcomes. A US study suggested that the patterns of prematurity, mortality, and small for gestational age experienced by infants of immigrant women, can lead to an increased risk of long term medical, developmental, and economic disadvantage for children and their families [15] .
Conclusion
This study determined that children of foreign-born women from low and middle-income countries had a greater risk of preterm and post term birth, intra uterine growth restriction and lower Apgar scores compared to children of Australian-born non-Indigenous mothers. These results indicate the need for strategies that could be implemented to address immigrant health, particularly targeting antenatal care in order to reduce risks of poor pregnancy, neonatal, and birth outcomes. Policy makers also need to implement more culturally sensitive strategies to provide services to these groups of families. Highlighting and addressing multicultural issues could improve these outcomes and the cultural needs of immigrant women by medical and allied health care providers.
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